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(54) LASER BEAM MACHINING METHOD 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object 
without developing a crack, deviating from the 
predetermined line for welding or cutting on the surface 
of the machining object. 

SOLUTION: A pulse laser beam is radiated on a 
predetermined line 5 for cutting on the surface 3 of the 
machining object 1 under the condition of causing 
multiple photon absorbtibn, and making a condensing 
point P agree with the inside of the machining object 1. 
By moving the condensing point P along the 
predetermined line 5 for cutting, a reforming area is 
formed inside the machining object 1 so as to be along 
the predetermined line for cutting 5. By splitting the 
machining object 1 along the predetermined line for 
cutting 5 making the reforming area a starting point, the 
machining object 1 can be cut with a comparatively small 
force. Since in the irradiation of the laser beam, the 
pulse laser beam is scarcely absortDed on the surface 3 

of the machining object 1, the surface 3 is not melted, caused by the formation of the reforming 
area. 
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(54) [3ew©«»] i^— tfaor^^ife 



(57) imifii mjEm) 

c t At-e # * u— tf Jnx:&a^lS«-r set. 

SlnxStSi!^ 1 3 (O^Bf^^^^ -f > 5 icfigSt UT 

L-C«ISr^^7'r>5l::ittoTftlX^t^!Kj1 ^SUSCt 
lcj:y. ik®M/lN*/.c*-CftlX»*«B1 ^^K-^SCi 




(2) 



<#BB 2002'^ 1 92376 



[amis 2] J!lDXJt^!B!l<7)rtgiIlcm3t^^^+?1+T. 

m2) JaJlt?6^o/^;^;^.*g*<1 /i s KiTO^fei*-?? u— y 

ttFiB»ixj^^t)<ortg?ic-:> ^ -v-^^^jss^^tjaiaiims 
}^j«-r-5xg^ii^-s, u— »fftix:^,^„ 

m2) eiJiT?3!)^0/^JUXtiAn ^/ s JaT(D^fe#-C U— tf 

jt^flitL, BtFieioxj^^iiawttiBr^^^-oicjeo-c 
fi;rieftix»tt«9a>(>3fiii(c^gt«isiiJie$#t;%s«ili$ 

[a«^4] *DXStSl!|a<DrtaPI::*3tia^^*5-t+r. 
*3tjSilcj3lt4e— ^^/^r?— ffiSj5<l X 1 o8 (W/c 
m2) lJlJit?ibNO/<il.XlB*<1 n s J6lT0)*frTf U— y 
3t^B5ltL. UnemxJt^iaiO^Bf^S^-Olcjftor 
mIIBJbDX»Sl!^(DI>?^lcia^^;&<gg1bbfc^m-l?&-&@ 

u— ifjtax:^a, 

aoi^—- ifiDXifea, 
[am^6] «IIS*DX5*tt!|^roi>ig?fc^3t^^^t)1i- 

$*ifcu— tfifc^*3tLT«neJioxstSi!^a)rtgiiic«3t 

[ai5R3S7] «Fl2«lXJttl«J©J*ifiPU«3fc^^^*5-t+ 
* tifc* l^-- »f 3t ^»IE*PX«^«|<0 WISJIC Just jS 

ix-if3fei*, iiifB*Dxs*#i!fe)©«rie*ffiA^&Aflf*-«. 

mt. mrt2*0XS4t'!|a<DS®A^?.A«t-r*L/— ifjfc^ffi 

im^m 10] «!rffi«»<Ei u— if stsiisaE^JK^^ 
«i5^#c;. amJS7~9©t>-r*i.AM-Ee«)i^— ifftlx 



«i ~ 1 o©iN-r*i*Mcfe®a)L/— tf«ix:;5Ji„ 

^as^^^-r >lcjtt-oTMf2illxSt^!|a5«Bi-r'5^Bfr 
Xg^ii^^. am«1 - 1 1 0)L^■r4^*McE«<DU— 
•tf Jnx:&i£. 

[am^i 3] WFEftixj**!B!itt#^x$^t,\ am 
[am^i4] BJiEttixjE*^!K3(*Em*r«$^t.\ a 

m^Si - 1 2a)U'»-r*tj5>icER<DU— ifftix^ao 
[am^15] MSBttlxMtl«3i;):iii^t«:4^il4$-^t;. ' 

amJSl ~1 2<Dt^■r4^*McE®©^— tfftDX:^,^. 
[am^16] BfJl5*0X?t^!^}ifigSt$*ifcL'— tf3t 

©Sjai4$*-r-s. am«i~i 5a)L^-r^^75^lctetE(D 
u— !fADx:&ai„ 

[am^i7l ffrEilDXSt^«a<DBiri2^®(::a^7^/< 

>A<^^J^E^^^r^.^-6. am«i~i 
6 <ot^■r^^AMc|^iE(o u— if mxisj* . 

r. m3fciSi=J3i+-se— ^/^r?— x i oS (w 

/cm2) JilJi-CA^O/^JUX^gA^I u s JilT<0*«^-C !✓ 

mjtjsicjst+se— j?/^'?— ffijg**! x 1 o8 (w/c 

m2) Jil±T?*^-3/^;UXi|ig*< 1 s &LT(0§knX' U— tf 

u— ViDx^ii, 

fcngBS(cBSt?iaEaix jt*i»i<ort»i= u— tf at© jR3ife^ 
$^*:>i±*, am«i~i 9«)i^-r+L*^icffi«<7)^-if 

ftix^iiio 

[am« 2 1 3 fFffi«»o)iHi»«mc u— ff 

+fttlX^5So 

cam^2 2] ^mti-um(Dmmzm^Mi^-kt>ii:x 
-r-sxg^ii^^. u— ifaix:s5i, 

[OOO 1 ] 

[OOO 2] iti^«:*t*4«tti. l±a*t*4Stti 

■V^^'^xaSIKOiDXWSlifeKD^lBrlcfiEffl^ttS U— »f 

mx^^icia-r*. 
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[00 0 3] 

ic. liDXJt^!^A<iSJtR-r-53KS<7)U— »f3lfe^fi8StL. U 

«li36^^>sslclRIl+-r^BS»iSift^it^7^■t^Tlloxs^tii^ 

r. lBXj*#l!l55A<i|ial|(*':7x/\a)«^, i^^Wi-^^x/xO 
a®lc}&fiE$*tfciJi«tt:^^<Dd*.. -tlBISJiSttifiirtt 

[OO O 4] 

mi:VH±fi>:^^ti.x. m^it. 4$i§2 000-21 

9 5 2 8*^>«-V>#i82 000-1546 7^ti^*BI=iB 

j:yiDS»u. ^Lrjox3^ii!fe)$H*ai-r*c4:i=j:y. 
ttix^ii«s<o«Der^«@^i=i!ftSls$^ c ^-ttrttixM 

[0 0 05] LA^L. c*Lp,<D^tt«a)«iBfi:5a-e«*v *d 
x>^ft1^lc£C<&!KfeSA<^#t^^. iax^ft«g(0«9 

«Ct*<-C#:ftLx, ^l=, ftIX«il!|aA<#3|(*';7i/V 

[000 6] :*:^m<oB»nt. mT.>itm^(o^mt=.^& 
u-lf*px:&5£^S«-r -5 c i 

[0007] 

:sastt, jaxs*^!ia<Di*jSP(z«3fejS***?-e^Tu— y'jfc 

^RSItL, *DXJtS>!feO^W^^^-r>lcjQoTttlXj* 

[00 0 8] r^^fieslcfig-SL'— if»)X^aicJ;4xli. ttl 
0^3t^qSJ|X^:^^33Ka^^lJffl■r■S>CilcJ:y. »X>Et 

m-r^mmfzipsp,fy^(r>fs^t)^s>^t^ jinxs4ii!ia^ti:» 

tf]!nx:*au<fe*ili. StKlua^e^t UT^JBi 
^^^-<'>i=jttor*DX«tttiAta*i.«c:ticJ:y. tti 



X5^fl!|a$«IBf-r-SCiA<-C$-5o <feoT, Jt^6t)/h$ 
'tP*-e*DX*til^$«)BT-r-5Ci:A<r-#-S(DT?. JtOXS* 

fg^ 3? -a- * C t <f < *pxJ*il!|a©«)BT Atoigg i jB: 5 . 
[000 9] :*:fe9J(c^i,^— +fttix:5i£|cj;ix 

IS, ttlX?*^!Kl(DI>gg|Hc©RlffMIC^3t^®ilK^Sg^^-B- 

[001 O] *:5IB^Jc^«>U— +Pttlx:^JSIt, iJDXJt^ 
!^<DWS|5|c^3fc^^^*:)-B-T. *3fc^lcfclt^ e— i7/^• 
'?— S&ig**! X 1 08 (W/cm2) Jil-fCA^-D/^;uxti 
A<1 // s JaT<Dai#t?L'— Ifit^RgStU, *DX«*ia.<0 

>icjGorttixjk*^!teiropigiitc-:7 ^ y-i?® 

«5#t??ftM«JSE$JgfiEt--SXS$ «S jL* C t t:^$Sit 
[001 1] yftixi&^fcjitilf, jbO 

x3[*^!^<DrtSi5(c^3te,^i^^*3i±r. m^t^icfcit-se 

— <7/^'7— ®aA<1 X 1 08 (W/cm2) jaJtt?A^-P/< 

ADXSt^!|a<DWSil-CI*^Jte^gfti|Xlcj:*3t:¥: 
WaS.!:t%5^^At^^t--S), CKOSfe^Ma^lcJcy/n 

xj^^?aa)rtfiPicJSiu.ri^3!i<e^**i., c4xic<j:yiox 

U— if3bPX:^^(zJ:tilf, *DX*t^4^CD^SIz5$ife-V>^ 
«t<. U— «flBXAtn7filt<C-5o C<OU— IfJiPX:^^^© 

[0012] *fll«IC«« L*— IfjDX^^tt. iBXj** 

"7— ffiffiAM X 1 08 (W/cm2) JiiJi-eA%-o/^;ux(s 
// sJaTa)a&i*-CU-1f3t^8g«tL, ttlX»Si«!)© 
^Bi^S^-f >lcjttorttlxStil1*iO!)rtSBlc5Slt«iafi 

[001 3] »f»x:»aicj:*ilf. ftl 

x>4^!Kia)f»3smcM3feja^&*5i*r. «^tj*iicfc(tst° 

—<?/^r>—^&il<^ X 1 08 (w/cm2) W-h-^A'^O/^ 

J:oT. *DX«#l«!i©«ail*3HI|£^?SiRI=<feorgBf6<» 
irftiSfi^tt-S. ;r<01iDi»lcJ:y*ox?t^!ta<DWgpicJSS6 

*pxst*^©*®(=j&aif>ttiK^^^-<>A^'t.ii- 



(4) 
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^^tUh, cfl)u— »fft)i:^aa)3tinxst^!|ai:UT 

•7-ffiSA<1 X 1 o8 (W/cm2) l^±-eA^•^/^;^;?.^g 

«iBf^^7 -r >i=}ttoTttix?tsi«aa)rt«ic)B8f*A<SE 
[0 0 15] *f6B^u«g'SU— yflix^jSicjctiiS. in 

x«si!i»fl>rtajic«3ifeja$^*5-fr-c. aijifcjgiirfcitse 

— ^z^-?— SBg*<1 X 1 o8 (w/cm2) UlJi-CA^O/^ 

**DXS*Sl«J©WSPIcteC*-|±«i:. ^3llfc^iRJ|jllcJ:-5 

l*3S5lcli-l':i->flffiS)[^<b. *SS^bXtt^^affilRl^<D*^ 
W ntSliggg^b A<^je $ *ir HSr^gg^b^JgEAtJ^^ $ 
C©BSr*|E<blB«l*±fBaaii«a)-fflT?*-50 
*:«B^lc«SU-iftt}X*aSlcJ:*ilf. ttIXS*^#| 

^fS^^?-l**ci:JS:<. U— yinxA<Hrfigt)6i:*. CKO 
L'-^inx:Sao5Jnx«fi!|at LTI*. «jttf. iS'yT. 

Coo 1 6] JtlB>>:«IB(c€I^U— ifftlX^JSJcffiffl-e 

[oo 1 7] lox*t^«s®wapicft3t^^^tp-i*ru— 

U-^f 3te ^ L Ti)DXi*^!|^a)rt«fS|C^5fc ^ $^;h-fr 
TU— tf3te^figSfr-5. ^«l*-e^-5o 

# * ic-r 4 c i: A<-t? ^ -So 

[oo 1 8] *DXJttl!^<DrtSPIC^3l£^^^t0-&TU- 

«• u— if * * iDx»aiaa)rt®i=m3ifeMi s ^*5-&r 

SS^SiS ^ ^ 3«6^ IRIROII^ A< BjtE/j::^ # ic-r -6 C t 

A<5ItEi:JS^. «a(DU— tf3tSA>C>ail^^^^fc^^- 
-^f3ll6l*. lIIXJtSl!|a<DaffiANit,AltLT4,<fcL^. *fc. 



(=L-C4,J:L^o U—tf 3te3H4. ^Bf^^^-f >lc 

[00 1 9] iiox»*fe<DrtS»(=^i:>3F*t 

tzl^—ftft(Dm%mzm,X. iJDXSttiiga^fflJtfitjlr^ 

>*fi«i8Htii=<fey, ftix»ifc!ia©«ffi±a)«jBT^s^'r > 

jtt o r tlDX5^^!|a«)I*i»|caS««^Je^ L r L^ * . 
Co 0 2 6] &M«J|E^J^^;r?)Xfi^, ^Bf^-^^-r 
>i::j0oX»lXS*^!fe^«JBr-r*«BTXS^ffix..6 J: 5 
l=Lrt,<|:t>, ?JtSli«J^^XSI=j3lNTJ]axSt*«8$ 

^BrT:'^?tctMg^. ;z<o^Brxsicj: yjnxst^l^S^^) 
Bi-r-&o «IBfX|g|*, SK«l|E^jB^tLT»IXSt^!|^!i 
$t9-S><D-ev tb^W/hi^jEf^-cftixj^tiita^^Br-r-Sc: 
t*<T7**. cniccfey. *DX>etSl!»<o«Sic«Bf?^S 

[002 1] isa±3^MLmtLx^ BESMS^&i; 

fe-5o ci©!^— 1f*px:;^jSld:^. 

X Xtta«/ <5« - >A<}ggE ^ tlT t^ -SiBX^tiliKjIcaffl 

[0 0 2 2] **eBlc€6-5U— IfttX:^^!*. 
•7— g&ftA<1 XI o8 (W/cm2) ]^jlJt■^?A^O/^;^X^g 

A<i /i sKiT(omn-r'L^-^f^t:mmL. ^^mwup^o 
}gBE-t«>xe^«^«ct*«at-r-5. *fc, 

t)1*T, *3t^(-t3l+-5tf— -^/^r?— S)gA<1 X 1 o8 
(W/cm2) ja±-CA^O/<;UX<iiA<1 /I/ sJilTW^fl^ 

r smM^ © (*i gp I r c& H ^ iSE ^ jjg f X n ^ <i X c 
i:^if*«i:-r«>. C*i.P,<DU— ^f*PX:^ji(cj;*ilf, ± 
f5*«lfllc€6-6l/— tfftlX*^i:|5|»(Da*«c<t to 

xj^ti!Kia>a®ic5SBk-v«}Bf^S7'f >A^c,*^•*lfcT^^ 
ttsi,, *fiwic9^«,u— tfj!iDx:^a£r;fct^T. aix» 
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[00 2 3] :*l§lfll=«-5U-1flni*j£lcJ3t>T. ^ 

sp ^ u— tf jifc f> «a-r -6 C i ^ s . 

[0024] *3SMlcfi|4 U-^J!iDX:6aj*. iti3?(**f 

?&ifc«iSSllE^f^fi£-r*x*i^«Sx-6. Ct$-4*eit it- 
's. ^fSlfllc^-SU— tfttii:?5,^lcj:*tlf. ±.utmw 

[0025] 

[0 0 2 6] lilT, *fgBfltD»S^fStfi}g^lCOLNTig 
I*. *3t^flRi|Jllc J: y Lri^*. #3fe^ 

[0 0 2 7] ««^<DSiJDl<0/^> K=^r w:^E6«fcy4.3fe 

<t-4i:n h ^/>E6<D^^«^ (n = 2. 3. 4. • ■ • 

IR3tjSi©e— {'/W-ffiK (W/cm2) "C^t^y, W 
Pttfe— ^/<'7— ^gA<1 X 1 o8 (W/cm2) Jil±(D 

at^icfctt* u— tf3t® 1 /Ov^mtc y fl>J::^;^^— ) 

U— tf3t®*3fej*i®SS!l^S (W/cm2) -c?*^-5. 
[0 0 2 8] ;i®J:3'&^3tT-iRiRS?iJffl-r«:*:Se«SJK 

mm-r^o 0 1 liu— »f«ix«f ©ttix^ts-^^ 1 (o^ffiia 

■ci&y, @ 2 lis 1 icai-f ttixstm!^ 1 © I I -I 119 
icitJofcBrffiH-efey, H3I*U— iflOX«05jDXJtSl 

4^1 a>¥S0-e&y. S4iiS3(=n%'rttiX}ttii^i q 
JiDx>i*Siiai ©v-vj8icieofcB}ffi0-e&y, sei* 

[DO 2 9] 01 Rl/@2tc3i-r<t-5l::. ittixstgl!fei 
<D^®3lc(*«)Bfi^^^-f >5A<3&^. «)Bi^^^-<> 

— tfjnxii. ^3fe^5Ri|RA<^tS*i*-caXj^Sl!B91 (D 



■tf jfc L A<«3t L fcffiRlrtD C i: -e S , 
[CO 3 0] U— tfJfeL^ttlBT^St^-OSICiior 

(-r<f*5*.5i^EPA:^iPiicjeor) fflJtfitKc^ift^ii-sc 
-B-s. ctiiccfcy, 03~0 5ic*-r<fc5ic5feS«Ji67 
m^^H^o *3gJSff$@icfig-5 u— y jnx^jtii, tax 

1 A< l^— »f 3t L ^?!mx-r ■& C t J: y l)DX*t^1«I 
1 ^flJ!ft^Fitr5StS«lSt7$JKfi£-r-5<Dr(i/j:L>, ilDX 

1 \z L s2ia$-ti-/Bixj*#i4^ 1 <opim\z - 

oT, ilOX>t^!|a i roS®3n*U— +F3tLA<(5tA/<t:* 
?ftJR3F*l.'itt'»<D-C, ttixasiiai ©^®3A<jSgli-r<SC 

[o o 3 1 ] Jtinxstti^ 1 <D^Kl~^^t^r, ^Bfi-r-s® 

■C, 06lc*f .fe-5l^tfc»W'h$'5:*-ClnxJt^!|ai ^ . 

[0 0 3 2] mnmm^i&^i: u/=tt]x>tttt«3<D 
«iBri*. ^<DxfiyA<#x.c>*is. — Di*, ^mmmm 

y, *SliJ|J$iE^i:U-C*DXSt^!|aA<SiJti, ibDXj*^ 
4^A<*llBf^F*t.5«^"<?*S„ Ctil*. «x.li*DXi**!|a 
<DJli^A<;»;^t^«^ro^BT-e^i&*. A^W&^A^Bitti* 

ti-s-ti*. ^^is, tajitt^'mcomm^^^^^ >izm-o 
rlnx>t*^!^icft(f (5*^f»-a:A/Brj£*^liD^fc y . mx 
stsiii^icsffis*-^^ ■& c 1 1= * y fiftis* *i±fc 
yf sct-cfcs. m©—- oli, isimmm^m^-r^zi 
t\z^ij^ 5!iRli«^te^<tur*oxstti!fei(OK®:firi^ 
(HE^i^lRl) l=lRlA^-^re«5lcSl|*l. isswic/nxJtm 
I^A^WBf **lS«^-CfcS. CHI*, «l^ltfjSOXS*Si«!l 
(DJ5^A</h$LMg^. a®«JS8A<1 ^t?*,ort6-??fcy, 
iioxj*gi!feia)®*^A<A^i^«^. Jl^F*ifiiic:m»<D3iM 
««^}^fiE-rSCi:-eoIligi:3S.5. CiOg^lcfil 

A<}K^^ tN/j:t>S|J«'*-eS5ttA<5fe*.S C i: A<^C < . 
5!l®S|l^ J^JiE L.fcai»<D^^ SgSr-r S C t A<t? ^ 
•C, S!lBr$«9W<k<t-SCtA<-e^S. ifi*, 
-t? X / \%r©i|£SStt:'^ X /\(0J|[ * l*-3|< 35: SfSlRj ic ft * © 

[00 3 3] $r, :^mmi&m{ztii^x^%T'&mz^ 
^ommt^ixmiSfmtLx: 3?® (d - o) a<* 

-5, 

( 1 ) 3i[a«aA<-oxi*«st©^? ^ ^ 

^IB«®«^U— »f3fe*lnx«Sl«J (Wiltf^^X-VL 



(6) 
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X. *3te^lCfcMt*li^?Sit*<1 X 1 o8 (W/cm2) 

©(iiLTIi, 1 X 1 ol2 (W/cm2) 

■5. /^;UX*S«*«illi 1ns~200ns Lt^o 

IS. m4 5lHlU— 9'!!ft*DXBF3E#IIS:m (1 9 9 8^. 
12^) ©m23M~m28H® r@tt:u-if-aiBiffi 

(A) DDXStt-!^ ; /WU-y^'X (ff«ffi«) 
(Jl*7 0 0//m) 

(B) U— tf 

3fe3i : U— tfiftjBN d : Y A G l^-if 
jfifi : 1 O 6 4 n m 

U— ^fStX^K-y HBiffift : 3. 14x10-8cmZ 
«liJ&SS : Q X-f -y 
liySL^SKSH: 1 OOkH z 
: 3 O n s 

: ttS*< 1 m J//<;i.X 

y'JtaS : T EMOO 

(c) m3tm\y>x 

(D) tajinmn>'^w.m.-^*ihm.m.-^a>uwi&&. ^ o 

Omm/fJ> 

^EfjS, U— *f3l6amA<TEMooi:l*. «3tttA<S< U- 
[0 0 3 5] 07l*±fiB3g8ifl)«l***t-^^5^iefc . 

-5. «**i*i/<;i.xfl)u— »f3i£u*yjnxs**^a)rtSf 

■i>. ^=7-7'^<r>^tL-Q^-t'T—^\i.m%m\y->X (C) 
rofg*6<1 O OfS. g§Pia (NA) A<0. 8 0(D«^-^ 

X (C) <Dt&*A<5 0<&, ^DSl (NA) !6<0. 5 503 



e-'>/<r7-SgA<1 oil (W/cm2) 
SeA^^>J!aiXj*^!Kl(7)rtfflllc-^^-y-?x;K<y KA^fl^ 

[0 0 3 61 ;*:S51iS}^ffilc€g^U— ^f^px|cJ3l^ 
T. ':7^'y"?«lSJ^^I=J;-5>ftlxS*Si4afl)«IBiroj'*- 
XAIcoL^T08-a 1 1 ^fflUTlsiB^f -S. lasicSi 
#jt7-«JRA<^ C JnXj*il18i10!)W 
SUIc^jt^ P ^ ^t>#T U— tf jfe L ^ iOX-l^tl!fe| 1 ICJjg 
«t L T^Bt^^^ -f o T WSiJfc-^ ^ ^ «ia 9 ^ 

Jg^-r-So ^'^•>-?«liS9li— DXI*«»<D<7^-y^$ 
09(Cgi^J:7lz-^^-;»-^«a9^fi 

A^ftlXStSil^ 1 (OS® 3 «!: 2 1 IcSljS L . 
El 1 |r;5i^J;5lclinxJt^:^l A<W^x4cilcJ;y4D 

x$t»«!ii;!>f«i]6r$ti.«. ia:^nw.^<iimm tmM\^m 

[ O O 3 7 ] ( 2 ) Q!(M^lt;b<^il^llMlge<D%^ 
^SAn X 1 o8 (W/cm2) JJlJiT?A>0/^il,X*gA<1 

II s«Tfl)*ftt?Bgat-r*» c*i.i=j;yftixjtiii»a)w 

IC J: y*DXS*il%0)rtg|J|cJ§i6«iS®J|!A<f^fiK$*iS, 
Ufc«Jlti:L^5c:^:4,■C#-5„ o^y. ^jttf. ^t!£S 

$£a4t)gi::i£ibLf=«ige, #j^s«titA^^g^ss#it^t 

tSffitUTtt. flUittfl X 1 ol2 (W/cmZ) -^3^ 
/<iUX4ei^l$<^l^1 n s~2 O O n s*<»*Ut>. 
[0 0 3 8] *f|B^«l*. vUn^-t^i/NCOWSCTriSlfe 
«ia«J|E*^J^^$4x*C tensile J; ysSSUfc. SgK 

(A) *OXje#iHa : v'Ja^-^Jx/x (^$3 5 0jl/m; 
«-S4'f>5^) 

(B) U— tf 

ilfcSi : U— tf SifiN d : Y A G L/-1f 
StS : 1 O 6 4 n m 

U— 1f3tX;f<>:/ hBf®« : 3. 14xio-8cm2 

: QX-< -y^/^^l/X 
»y£L@aES(: 1 OO kH z 
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'^VU^te : 3 O n s 
U-1f3taH : TEMOO 

(C) «3(fefflU>X 
N A : O. 5 5 

(D) ttlX^tL4^)!>««S$4l-&eSd(7>^E!|]£]S : 1 O 
Omm/fj> 

[0039] la 1 2 l*±:|eSfe#T-<D U— y=jtaXlC J: y « 

[0O4O1 J§ife«lSlilgt 1 3A<03tT?Ri|Xlc<}:y|gfiE 

U=l>SIR©J»*t A<50//m, 100|/m, 200// 
5 0 0i/m. 1 O O O /I m©#/rl=:•^t^T Jiiailfil 

[004 1 ] m^it. Nd : Y AGU— y'OjffiftTffeS 
1 O 6 4 nmlCfct^r. -> 'J 3 >Ste<DJ?^A< 5 O O Xf 
rr»ElT<0«^. 'J 3 >3[E«(DrtfiPT?l± IfalfeA* 8 O 

x/M 1 <DJ|[5fI*3 5 O^/m-^feStDT?. ^3t^?ftJRlC 

1 7 5 ^m«!>95}^lC)^^$il<&. C:<D%d(OS 
iS^li, Il$2 00ilm<Dvy3>'t7i/\S##|C-r 5 
9 0%Jil±<f<0-e. U— *fjfeA<V''j3>'>x/M 1 

tmifsitsixx. 5Sit«ia^jit*<vy n>'>i/\i i<dw 

^«RiSlcJ:y}g^$*rfcCt^3ti«-r-6o ^3fe^=^eiiRlc 
»I;1ISIM«6 6* (2 0 0 0^4^) <0®7 2M~m7 

[0 0 4 2] /j:jb\ vy zi>'!7i/M*. jSi^^as^iJ^^ 

%ife«l3li»A^ibi/>J=i>'t7x/\a>«S^S 



tL!&>-o-??fcs, t^-rti-<DJiB-t^Bjift<D«}BT®(*iai 
ttiX}t4^!i^(Di^^iciSib«i9^ige$)^)i£-rs%^, mm 

[0 0 4 3] (3) ikmmmtmmm^itmmaym^ 
u— tfaife^iDx^^tiia {^x.if**^A) (opimzm^t^ 

^■^t>^X. *3tjgilcte(t-&iil!L»g*<l X 1 o8 (w - 
/cm2) iit±-eA^O/OUX*gA<1 n s WTa)lfe#-efiS 

tt-f :*->fflfiStsg<b, ^ga^bxl*^J•Mi^I6ItfcD*!Kfl«J^^« 

)t3^<b*<^jE$*tTB»^IS<b««At}^^3Fti*. aS!^ 
^Sa)±KffltLrtt. #|jL«1 X 1 ol2 (w/c 
m2) "CjiS. /<iUX«tt«Sx.«1 n sKlTA^Sf^U 
<. 1 p s JaTA<*f>l-»^Ut^„ ^3t^?aiRI=J:-Sia 
»f*^<b«JgE©J^JlEl*. «4 2I5|U— tf^ftJtaX 

m^^mxm (1997^. 11 ©si osm-s 

1 1 iM© r:7xA tf— jsgstlcj:**-^xrtap 

[0 0 4 4] :*:3IJSJ^®(DS»0l^ift8S-r*. 

cm 1 mi :if:mmmm<om ^ u— »f ftix:^a£(- 
ot^TUiB^^*. 01 4ttc<D:»aicSffl-c^su— y= 
inx^ai oo(0«lBS«tfiE@-c?3&-5. u— tfjboxl^Si 
O Ott. U— tf3tL.$f§^-r*U— 1f3fe3i1 O 1 U 
— *f * L(D{ij*Af>/<;u5?.4gt¥$Pttt-«fci«)ic u— *f * 
3i 1 o 1 ^um-r^ u— tf 3feii«i|{WSB 1 o 2 1 , u— If 

3fe L (Dfiltatg* * L Jb^O U— yjife L <D%U(Df^ ^ ^ 9 
O- S^-5J:5l=ES$*i.fc5''-f ^'P'f •y^'S^— 1 O 
3t, ^-f^a-r -y-JS^— 1 0 3-<?Sit*ixfcU— »f 

3tL^*3tet--5m3tfflL/>xi o5<t, m^mt'>xi 

0 5-C«3t$*lfcU-1f3feLA<R§St$il-&ftlX3^gl^1 

A<»a$*is«e^ 1 o 7 tsg^ 1 o 7^xu:f5f^ 

lc^l(l$-a--5fc«)0>XMX^— v1 0 9i:. «g^1 O 

*is:^T"— i;i lit, iiK^i o7$x$ft&i/Yisi^ia) 

1 3 i:. Ctlt.HO<DX^— V 1 O 9. 1 1 1 . 113 

Coo 4 5] zldiii^rpiJittiXjttSiiai ©*®3 tas^-r 
s^i^Jisro-c. loxitsiifei icA»fr-5u— tf3feLO>*6 

^ase(D*iai<t<i*o J:oT. ZttXT^— v1 13^Z 

$ft:^rRiic^i6*i±-sc:<ticj;y, jtox^tttia i (Dt^gpir 
c:0}m3i£jgpa>x (Y) «A^i^a)^s&». ttix^fiiiai 
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*X (Y) UX^—'J 10 9 (111) ICJ: y X ( Y) 
$ft*|6ll=^S!)*-t+-5Zi:lcJ:ytTd. X (Y) WXir— 
V 1 O 9 (111) HA^Wi^&Oi-mtUh, 
[0 0 4 6] U-^fitSl O 1 Ifjfe^fg^ 
f -6N d : Y AGU— -y-pfcS. if 3II6S 1 O 1 Icffl 
t>-SCtA<-Cg^*U— »f<!:LT. C(Dtife. N d : YVO 
4U— Nd : Y LFU— tf•V'^^>-9-:7T-rT^— 
Nd : YAGU— tP, Nd : YV04U— If. N 

d : YLFu— •f$fflt^^roA<»st?fcs, mmmmt 

[O O 4 7 ] B 1 0«t?l**DI*tSli|^ 1 (DUa:SHZ/<)V^ u 

•^^■5'tcf>iilg|jKU— tf3t-e4.<fctN, tjiis. :*:fgB^lcfc 
t>ru— IfifettU— tflf— A^^t?jSl*t?fc-5, *3fcffl 

Ml*1*-5c:i:lcJ:ort,. U— If jl£a>«3lfejS**nxS#tl 

[O048] U— ^fttlX^ai OOtt^Ff>lr. ttM^I 
O 7 lC«g$+ifci)DX>!*tt!tel 1 ^ nl«3fe^lr J; y SBB^-r 

«fc«>i=w«*«***'^-sa^fla*» 1 1 7t. 
^fllxs. e-Ax::/y -y^i 1 i 9tm3ifefflL'>X 

mm^mt i 7ANP>fi*Lfcpi«3ti8iit*— Axz^y -v 

^« 1 1 9 77iKl4^^}*<SSt$*%, C<DJR«t*nfcoI«3l|£^ 
*«^r-f ^D-f -y^S^— 1 O 3&l/m3tfflU>Xl O 5 

[00491 U— -tflOX^Sl OOI±*t>lw, e— AX 

1 1 9. ^f-r^^D-f-v^s^— 1 o3RUm^ 

miy>Xt 0 5fc(gC3ttt-hlwiBa*+lfcS«fR^F1 2 

lRU:}g^u>Xi 2 3^<e^S, 2 1 

Tl*#)^lf CCD (charge — coupled d 
ev i ce) *y?6<i5S. «IIR^^7-f >5%^^^t^ 
SiS 3 Lfc Br«3fe«<DSSt3llcl*. ai3lfeffl U >X 1 

0 5, ^-/-^ 5^— 1 O 3. e— AXTi^y -y^ 

1 1 9^m&L. j$«U>Xl 2 3-C^«5F*tr««* 

[0 0 5 0] U— <flOXgai OOI*^FC>ICv 
1 2 1 A^^,ttJ*^F*tfcS^7^-^»A<A:b^Ftt^>^g^7^- 
^'5ft31SS1 2 St. u— tfJtox^ai oo^«:£$q»-r 
•5±«:*flWaJl 2 7t, 1 2 9i. StSxSo Wl 



3fe3i1 1 7t?5e^LfcpI*g3t<7)m^A<«®3±(c^*:>-& 

LTXt^— $?t9jBl«Pl 1 5 36<2|UX5"— v1 1 S^^M 
{M»t-SCt(=J:y, qr«3fe<DJijSA<SiS3lc^5J:3 

(cf-s. <fc-3T. ®«T-'Si«issm 2 5l*:t--^-7:^ 
an 2 51*. ffiMa7*-^'^»icLT^ii3«)*t:*siiSts? 

^ 1 2 9lc3|t)4x-&o C*t»=J:y. ^-^12 9lcj£:fc 

[ O O 5 1 ] ±W^mU 1 2 7 \Zlt. X5^- 1 
1 5ANt.(D^— ^^'r—'^mmf^t 2 15 An £> (DEIS! 

sstniagpi 0 2. aisffl3te»i i 7ai;x7^— i;tin»«p 

1 1 5^wrsctlc<i:y. u— tfftJX^Ml oo± 
[0 0 5 2] JfeIC, 01 43Stt^01 SSffltN-C. *ieifi 

h-efc^, iDXSt^iiai i*vy 3>':7x/\-efc§. 

[O O 5 3] *-r. *DX»tl!«8 1 <D3lfe«i«l!K1t*H*L 

JtftN^-atjteSff^icjzyjii^-r-s.. cwn^«ssics-:5 

t>ae:g:fl)u— if3feL^f6i-r*u— tf^asi o i 
-r-5 (SI CD , i)iiz^ mj:nMt.^To>m^^mM-t 

■5. J?*<D;HS^«&i;iiDX5^#l^1 <DaST*^«(-L 

iox>!t^!iai <Dzfu:^i^<D^iba^3ts-r-s (si 

0 3) . C*ll*. U— 1f3feL©JH3lfe^PA<JiDXJtft«J1 

<DrtSll|c<4a*1*-5fctf>lc. InxSt^il^ 1 ©SSb 3 ice: 
M-r-S U-+f3teLO)m3t^^«*<t UfcttlXj^ilia 1 <D 

z$A:«iRi(D^itis-c&-&. :i<r>^mm.^±WMm&i-\ 2 
[o o 5 4] toxs^^i^i $Lx— ^inx^gi o o<DtE 

a^i 0 7ic®at--5. ^-Ltr. a^fflite^i i7ANt, 

Wa5fc$fl^*-|±r*DX3^Slitel $BgB^-r-5 (S 1 O 
5) , BglB5F*i.fc«K^S7'r>5$^t;iDXjttSl«i1 
<D«B 3 ^^t^m^^ 1 2 1 ic<kys^f -So c<©S^5^ 

— 4« ic»-:5Lxr«fitT'— ^ 9&mm 1 2 5 i*a«ffl3fcai 1 

1 7(0pr«3lfe(D«ijSA*affi3lciia-r-&J:5JtE«jgi7^- 

(S 1 O 7) o 

[0055] Z.<Dm^'r—*>lt^7—i>mmUl 1 SIC 
2ie>*i-6. 7.'r—V^Ht»e^^ 1 51*, CO^g^^— 
ailcLTZ«X^-v1 1 3*Z«l*|fi|G)»ltl^?-frS 

(s 10 9), cti.ic.fcy, m.^m^m^ 1 7<Dnjffi3t 

<Dii^A<«®3ic{4a-r-6. sset'— j'ffisaii 

2 5 l±jS«T-^i lc»-:5txT. «Br^^7 > 5 ^^t? 
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29IC2|C>*1„ 1 2 9l-«»i^^^-f 

[oo 5 6] ±t*:*fl»an 2 7IC|*^«>Xt^-v::^S 1 o 

iSlXT-vl 1 3irJ:yjllIJtjfe«!l1 ^ZW^lSjlC^Ml 
tS-tti> (Sill). 

[O O 5 7 ] U— tf JIfeJS 1 O 1 )6^C> U— If 316 L ^ 

^V>5lcjft5 j:5lrxii:^T^— 0 9-V>Y*ftXir— 
i^l 1 1 ^^Kl^ifT. 5$S!t«iS«lS^«Br^«^-f > 
5lcj»5 J:5lcftixStSi!^l WrtSPlc}^fi£-r* <s l l 
3) . ^LT. *DXji#Sl!tel1 «^IK^^^-O5l=jeo 
Tft(f-5Ci:(cJ:y, JbDXj^^!^ 1 ^^BfT'S (SI 1 

5) , c*T,ic<fcy. iDXStsi«ii^vy3>5^'y:^ic» 
[0 0 5 83 mi«a)S«i*$SIB-r-5o cttccjctiif. 

-f >5iz8iStLrtx*o -tur. x$ix^— i?i o9^f> 

y. Qics^Jie mK.\t<?^^y<^mm. ^mmmmm. m 

©rtSPlcJJEEL-Ct^-So ttlXj^^iaro^Bfr-Sffl 
Bflcinit.A^0De^A<fc-5<t. inxS^^it^^tbe^W/h^/j: 

fi^ t Lr«IBf^3t^-r > 5 ICje-r>T*DX«iliai 1 ^SH 

-5cticj:y, it»6<]/h$^£:^-eijox*ta!^i $^Bf-r 
^CirA^-t?^-?.. C*xli:j:y. ttlXSt^l^ 1 £0*® 3 lr 

d t < lnx«Sil5s 1 * ^Bf -r -5 c t j!»<-e # * . 

[0 0 5 9] mi«>ll=ck*ltf. *DXJ*^!^1|C^ 

3t^^^Ri|R^^c$1+^^fefi^-cA^■:)^llXS^m!|a i ortSPic 
jtt^ifei $^2iaL, ttlX>t#l!|^1 <7)«ffi3T?l*/^;uxu 
C0 0 6 0] Ja±SiMLfcJ:5(C||1«<ICj:*tl*. /OX 

s+ttia 1 ©a® 3 izmm^^^'y-i > 5 A^ t.nttfc:i^£«s 

nfSfl+tA?>?SSIlA<^C-5ci:/j:<. inxSt^l^ l ^^BfT 



i^mi^o I / na^ y aj-r c i ^ ^. a® (cs® 

/<^->A<je^3F*lTt^*JnxJittl!ta-\>. BEm*?-Ox 
SElcm^T^/ W XA^JKiS^cttTLN^iJDXJt^iaiCOlx 
S«Br-r*c:tl=J:yf*Si$*t*Sa 

^ y ^ isiJi $ 1± s c t A< -e # -5 . 

[0061] ^fc, m 1 «)IC J:*Lli, toXjifSl!^ 1 <D^ 
iS3a)«)Hi^^'5'f >5l*»aL!ESt%a)T?, «Br^S^" 

ff^o c*xicj:y. -ftiDJoxM^l^si Asf.ftstsix* 

C0 0 6 2] ^fc. Ib 1 ^l::<i:+i.tf. ftOX^t^^^ i cD^ 

fflt^fc^f'f -»^.fc y t«*t«:*oxA<pr«it j&s. 

[0 0 6 3] ^fc. u— 9'3ife3itt-oic|gf,r«a-et 
mmmcom i u— tf*px:&j£$i$iB^t--g)«ssia 

C^xtt, =0©U— -ystelil 5. 17. 19*'' 

3fe)*iP^^t?-&rM'S«):&inij!»^F>l5Stturt^s„ u— +f 

3t3i 15. 1 7 A'' P> <D=& U— ^fJteliiOXS* 1 ©Sffi 

36^c,ASfrs. u— tfafeaii 9A'>e>a)L/— »f3ifei±«ix 
^^Sl!Ka1(D^sB3A^p,A*^■r•5, c*tj:*iis. ^aou 

oJtg<t^s-i>. l^»wae61cJ:y^5fefflU>XA</j:<r4, 
«!l-e(± = o<©U— tfJfeSi 5. 1 7. 19lc<ky«jt^ 

[0 0 6 41 01 8l*U-1f3l£3gA<«aicfcl+-S>:*:||JE 

}&si<D« 1 m\zm^i&<DL'—ftDi.:>5m^m.9M^hmj^ 

«»(DU— tf3lt3i2 3A<«IK?^S 
^ -<> 5 ir jftoT— 5lJlcffiM^FtlfcHoroT U-f 3teliSP 
25. 27. 2 9^^i^rt^-5. TU-f 3te3ifflJ2 5. 2 
7. 2 9<D=&/7jc*}t^rfp|i:.5iJI=Efi$ixfcU— tPitS 
2 3A%P,a3St$*lfcU-1f3fcA<-0©ji3tiS («ji.tfj|l 

5i=je-oT«a<o»3t^Pi. P2. • • "^mmzf&m 
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[0065] [S2«|] :*:^*fi}KlSfl)lg2«|co 

-60 CO^-eii, 3flfcSjatt*t*4i: LT L i T a OsAnC, 
<C*Jl*!&<4OO//m«S(0ESm^';7i/\ (S4S) * 

[0066] ll2Cl|IC^?»«)BrSSI*, 01 4(C:^-rU 
— tflnxiggi 0 0X1^01 9, @2 0|c*-r^g3i>Mb 

«a*ix-5, Si 9&^;B2 0lc:5^■rSiS^cot^rslw 

V— h 3 3li, BEm*^'!7x/\3 1 ^e**-r-Sffl!lO)®3b< 

Oi/xv'— h3 31*. ■9->::?'JU/hiU-S''3 5ICfifef$ 
^?*xr. tSM^ 1 O 7±lr-tr'y h-^?+t-5„ KMB 
^•t7i/\3ll*. 01 9lc3i*4x-5<};^lc, ftic^BriJ- 

■S. =&Em^/WX5"'y:/3 7l*Il^SgP3 9^^L.rt^ 

•5. ::©Ii!fSSP3 91*. E^^TOi/xS l<Da®«::^ 

aST^A-fx^'y:/3 7fticjgfiE^*iri3y, B5j*t--5 

|i]K«P3 9a>fy)IC|*RlT£<0M(Kdr (SOxfmSlS) tm 
J?e*tLrL>-5. JtCfc. 02OI*. E^*^'t>x/\3 1 (D 

[00 6 7] @2 1IC»-5L^T, m2MI=^-53fe 

fSinutts^^gtmit^H (»2#!ic*jt^ri*. u • t 
a 03A^f,Jtc*EamT-;?x/^3 1 ) <o^?ftte!»it*a( 

(S20 1) , jtflRiRi^ttl*, ^^3t3fc®»t^*ffl 

mmm l < i*flftj|ji<o'>3S:t^5RS© u— y^at l ^ asst-r* 

U— tf3t^1 O 1 ^iS^f'S (S 2 O 3) . »20?|Cfc 

t^ri*. S*JRjKfiA<i o 6 4 nm-eS&-S/^;uxas (P 
— ifi*. /tii,7.©«yiSLsa»*«2 0Hri?*y. 

;U:^lgA<6 n s-Uasy. /<;UXX:f-;U^|*3 GO// j-t? 

Y AGU— ^fA^t>aJ^t^^^■5^— if3feL0) 
XJK-yhgl*. 2 0//maaE-efc«„ 
[00 6 8] ttlBr«Sl««a)ll**38^-^--5 (S 

2 0 5) . «]KSt^*f«(0Ji[^*^S!S*tL-6<t. *a)5M 

G>W»l=«tSrS*5lc. U-1f3llfcLfl!)3lt»^|6||cj3lt 
*«JBr«il««fl)Sffi (U— »f3tL<7)A«ffl) *^P,a)l^ 

— *f3tL(D*3fe^(D^{aM (S^idg) (S2 
0 7) . ^-^f3tLCD«3^fclS^©^^4S (^ifiS) I*. «J 



[00 6 9] mZ ZtZTjkt^tl^JiolZ. SKlou— +f5fe 
La)^3tMiPO)i4gl*. tOBTJ^^W^ISHa (fctx 

l-J:y. «3tefflU>Xl 0 5-e*3l!fe$tlfcU— tfJfeLflJ 
*3fe^QCD(ia<fcy t«)Br?*^*t2^ (Ea«^'t;x/N3 
1) ©*0iA^t>SSt^i:C;^)|c^iB■r-5J;5lc^pS„ tta 
t>*>. SSt'*'©*^. ru-1f3teL<D3fe||!|*|p|-e©ZW 

©U— tf3fcL<C^3lfe^^KlSj i:t^5H«A<EEy3S:oc 
tlC3tf*„ Ly—f^i-<Dm^^<D^iiL& (^iftS) I*. 
±^Lt=ia^ (^»r^lil4^J^(DSd&t;S»r^) 

^fi^K®lct^t^-cl*. x*ft;<.T— vi 09. YiflXTr— v 
1 ^ ^ RifzU:^7'—i> ^ 1 3icJ:y«|^£$tt-5) Ji(c 
ieaSFtlfctSS^I 0 7lcJtLT'5x/\v— h3 3l=« 

}^^Fti,fc«)Sfs*fi*t^*Ka-r-& {S2 0 9) „ mmt^ 
m^nomm^mpi^t. m^m^M-i 1 7*Mt,3t^tii 

L (Dm^^t'^mmnm.vtn<D^m±iziSLmr^ ^5 tz z 

(S2 1 1) , CCT?I*. fl!Sffl3t^1 1 7lcJ:orl# 

'b*i-5Ea0T':7i/\3 1 (o*ffiais«^i»i[*^F 1 2 

1lrJ:yai<tL. W'St'— S»«iSSPl 2 5*<. »^Jg» 
icS-cJt^T. a^ffljUtail 1 7*^c,ttJW$tifc3tA<«)Br 
S*Sl*t«0)a®-hT?«^$IS4tJ:5l:iZWX7^— i?1 1 

3(D^i!ifag£3fe^u. v*ii?»aji 1 5icm*it- 
■So 7.7—'^vmn^ 1 51*. sit^"— ^liiasgpi 25 

*^t><©ai*^■^lcS-:5t^T. ZWX^— i?1 1 3<D»16 

fia**. «^ffl3fcasi 1 7AN?,tasf*tLfc3teA<e)BT3*si 

t:^mnn.¥fn(o^m±.\zm.m. ^ i± sfc^xoiag t 

€><fe5lcz$AXT^— vl 1 3^$qp-r-5o 

[00 70] asfflafeSRi 1 7A^c,^^|»^F^^fc3t<7>:7:^ 

(S2 1 3) , CC-CI*. «]BTjtt^*riS<DJl^FRt;jB« 
*l=St(E L T95^ * *tfc 1^— If * L ©IRjfe jSroaSiifi^ 
f£ltZ||6;?.^-v?1 1 3^ U— y3tL<D3tia:^l6)|c^Sfi 
^F-&SJ:5(C. ±(*fl|ffllgP1 Z7t<7.^-i>mm^-t 1 

5icffi*€#^iiiy. ffl*«^^sitfcX7^— vsdwau 
1 1 535«zttxT^— i?i 1 3(D«iiifag^»wr*, Ji 

r $ tifc u— +f jifc L <Dm^^<o^^mmd it z $4x 

iBM*<^T-r* (S 2 1 5) . 
[O O 7 1 ] U— L<0«3teiaa)«BrSt#l««OI»jSiJ 



(11) 
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0 9Ri;YiiXT^-v1 1 1 ^^mt^iti, (S 

2 17). u— vafesi o 1 A^"t>ibt^^*lfc^— ifScL 

(*. 02 2lC**tlSJ:5lc, *3tfflU>Xl 0 5ICJ: 
(±5ELfc<fc3lc. 8 0//m) lcBgt;l±am^':?x/\3 
LfcBfli©«IBf/<4i->li. EEaill^'>x/\3 1 

[0 0 7 2] CCT', ^BT?*^«i^{CfiB|t$tt^U— tf 

tl=J:y, U-1f3teL*<lHJI&»3 9lcASt-r*©*l»C 
[0073] U— 1f3llc»1 O 1 i6MP,as*t*tLfcL/— tfjt 

L^. ES«^':?i/N3 1 fl)wspic^3tjsp*<i4a-r -5 

.kolzmfttSit^ C(D^3fe^P(cJbM+i,U— -tfjtLOX 

fl<>tt««aO)L#Ofii*iffiil*<!!:. «Br*tS!L*t«i: 

iSei<D^lctS/jN<E^^-y?fiJgE9A<}Kl?E*tL-&. Z.<Dt 
«)Bf»lfe«i^ (ESm^':?i/\3 1 ) (D^miklfm: 

[0074]?)?|Z. 02 3—13 2 7lcS-:Jt^T. U— tf 

rtftwrs. B2 3i=**tL*BSi£*(*j^tt(D«iafi*tii 

WJK3 2 (3fe2att««) l=«LT, ^Bf>tSl*t«3 2 
<D WSPIC U— ^f jfe L <0*3t^A<{4St--5 <fc 5 U if 3t 
LSI!gSfr4Ci:lrJ:y, 0 2 4Sii;ia 2 5 lc*$4x-& 

(D^£«©^lca/^^^^^^•y^^JgE94^^g«^FtL*o * 
«)StJ*^«-«3 2 0)*^:5iRiDic^isr-s<fcaic, u- 

if%L0!>£Sfe-&t^l^^Br)^Si:|vti^3 2a)^B(i;bf$i|{Si$ 

[0 0 7 5] U— +f3te3i 1 O 1 A^^>(*^— +f3tLA</<;U 

«JBr»tltt«3 2(D«l(l$tfofc«^. ^'p y^mao 
I*, 0 2 5lc*SFix-SJ;3lc. ^Bij^^tr3^3 2(Dft¥^ 
D icitto T ^-^f it L (D^saafc-stMi^eij^^ 



^ftj£S[i{b^tM^«l!)BT}^il4^^3 2(0^it|j$ft$3<t- 
^.cticfey. 02 6ic5i*itS<fe5ic. '>^ y<7«JgE 
9jaj©lfflii«^S< LT. mfSitH^<7^^y<7mm9(DSSl 

l=J;y, 0 2 7|c5^^tL-S<fe3lc, ^^•:/<7«JgE9A<. 
U-1f3feLO)3tS:&lRl3&-5tM*«JBi>^^*r*43 2(0^S) 

■r'tPt)*.u-if3tLa)*3itjS©»Wi:^Si^i=jttor 
m mm^Hh<?^-j<7mi^9<Dm) <ommit. u-if 

3tL©liyilL/ajK»&l/:^Br>*^«^^3 2 (XtftXT^ 
— i?fe*LM*YWXT— i?) <OSfS!l)SS<Ol|fig$^<b$ 

igLJliffiDfRt;^Bi>tt^*ti|!43 2<D^S!iSiS$S<-r-5 

[0 0 7 6] ±MKLfcBra©«Bf/<4r— ^Jrjttor^?^ 

'yj7«jiS9)ii<ffjjjE*;K.5t (S2i 9) . ^iismi^fi-tim 
/inx(iSJ^^<bt?ic<fcy«Bf«^«i^rt. ft^ic-^^ y-:? 
«JS9A<J^fi£*+ifcSPiJ-|zj6*$^C$-l+T. «JBf>!*^ 
$tm<Oin& (*3lfejiSaiX^-<0i£«l) cp^f=}^BK**tfcir 

rnQtmrntsntz^mv^m-r^ (S221) . 
[007 7) ?Ri=. 02 8~0 3 2$#BaL.T. i^aw 

■S-fedtf^Rll^^W^ 3 4. C<D%gi5^-V''V'> 3 4 6<g 
«i$4xS?Rfl'-H>::^ (0*-&-r) > ttJEm— K;U3 6 

(»E»*t) , ttJBE— — K;i.3 6*^lft^F1i--5fcto<D/n 
BE— — K^l-KIKl^^ (0*1+^) S?^1&LTL^^„ JPE 

I— ^$fflt^S;iij6<i?*-i). Jjffc. 02 8'-03 2|r 
^l^TI^, lsitS893 9(O0^$1iBSUri^-&. 
[00 7 8] ffim*^^'!?x/\3 1 A<^lff^ffilcffiM**x 
St. 02 8(Cq%$tt-SJ:3»C. ^^Stf-SE^T^/W X 
^•V >''3 7lC«JCt-«i4g(=fligi5^-V";y^ 3 4*i£^lt 
rt^<. ?ft?I^Ar'y"5'34$ij'«-#-SES7=/WA5^y 
7^3 7 (ciftitt L < f*^m ^■B-fcttl|-ci»?li^>::^^a 
^<*i?l$l±*ci:lc«fey. 02 9lc*$ttSJ:3i::, ?ft 

SmT-^x/xSI) flR§l5^-\"V^/3 4|C 

^i^»-rSffa5^/W;^^'y3''3 7 (EB^^-t^x/NS 
1) ^9ft«$1±-5i:. 0 3 0(C*$ti,SJ:3lC, -^x/n 
h3 30)^® (BES*^t;x/\3 1 3!)««l#$+lf=® 
COSra) fi!li6^t>^J8t-rSEm5^/<-f'X^-y:/3 7l=j^*5 

[00 7 9] J!B)E— — K;U3 66<':7x/\->— h3 3a)S 
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<fcy. ffS^-¥-0x/\3 1 li, 03 1 |c^^F+v$<);d 

Bi*ixT. EaT^/Wx^->:^3 7A<Em^^'!7x/\3 
1 A^'i^^^tt*tti.Ctlr3{E'5. 35:Jb\ '>x/\v— h3 3 

*ti.fcffm7'/WAT'^y:^3 7*<m8S:-r-&©^R6CCt 

Too 8 0] EBT^/WX^'y:^3 7A<ES*^'t?x/\ 
3 1A^C>i»fil^tt^<bg5?I^A'<y■?3 4X^;^JDm--K 
JU3 6 S^-^x/Nv— h. 3 3t^^m*li>y5\SHZ^Wi$-^ 
3 4Rt^*lK-— KJU3 6A<^lft-r-5 
»«**lfcES7*/WX^'y;^3 7l*?Rgj5^-\' y'J' 
3 4lC?ft»LTt^^<DT?, @3 2|C5^*+1*J;3I-. O 

x/Nv— h3 3A^^>fflL^4^§ctlc^^§. c«)<ts, 0 
— ^B3 2*3^EPB:^riRiic3iy, 

> 3 4lc?RSLTt^*Emv^/<'fX5^';/:/3 7 «b. 't?! 
y\V-^h3 3IZ«jt$ttTt^-6aaS^'5x/\3 1 

'5'^->^'«JSE9*JiES*-fr-C«]BfStSltf«*e]Br-r 
[008 1] c:o)<k5ic. m2«icfcori*> JSatfflu 

>Xl0 5fCj:y. L/—- tf3tSl O 1 *^t>aiW^FtlfcU 

— if^L^. ^a)*3fc^*<3feSjait*ti^ (Ea*T't7x 
i^icafc/K.f-f ^•y^«j*9*<}^^**i«>o -euT, JKJ^ 



i:6<pl«gi:^£^., Ctit><DJSS, m2WICJ:Hf*. Sto 

T#^ja-o5i«)ic3tsjatt*t«^9)iSi-r-s c t A^-e^ 

[0 0 8 2] ^tz. I^SMn^mftlXli^i^^^btflCj: 
y^BT>e*^*t*4rtlc(5:^$^C*-ti-«)Ci:lcJ;y. ]^|« 
*tifc<7^'>^«iit9^J5Efi*1±T3tSiatt«)|st (E® 
^^•:7x/\3 1) $«BT-r-6<DT?. }BBE**tf=^^y<7 

[0 0 8 3] *fc, toBE— — K;U3 6^fflt^Tj^c®^a1t 

(Eam^'!?x/\3 1) lcjB***njtSctlc<fc 

[0 0 8 4] «»<DlHlKW3 9A<Jgj3t*HfcES 

^^'!7x/N3i (.tftmm\i*tm) ^^mM^fUX^f^-j 

3f3 7felC«)Bf^^S|-r*«^, mSfefflU^Xl O SIC* 
y. »SE-f-5lHlKfi53 9<DfaicjeBK*tifciyjKilcKtr'> 
x/\955J^(Drt«mc^5fc^A<(4a-r -5 J: 3 lc U— y'Jfe L ^ 

Kai3 9<DlB^l-^^^^+lf=ra^a>^4al-fc^.^-c, sa^ 

[COS 5] ^fc. (Em*^'t?x/N3 

■y=3'fcL(D3t$lfi(c3cllt-*:;&|iil. fci:>.liiS3c-r-5:&fRllc 
^86*^-5 Ctlc<fcy. <7^'v<7««9A<^3fe^<D^lft 

isiSSttj!)<j:y-siRiJiur, ^BT<D:siRi««»sj;y- 

[0 0 8 6] ^fc. m2«^^cJ3t^rl*. flfit»t*:A<ISi: 
^^iJ&y. «)Bix^r<DK7-<:>'D-lr;^lb^^3S-r-5 
[008 7] ^fc. m2 0lllc^^t^rl*. eiiMSii ('^^•;; 

lSLn^L^. 3ife2iiatt*r3^*«)ya< cfc^/rf^jBrv^^i— > 

*5£B^li. B?r£ELfc»20!lc|g^*ix*4,<D-CI*<C<. 
fctjltt. 3fe3liai4*t«l*Em*^'!7x/\3 1 lcEBt.*t 
-SCi/j:<. i|iie«:'t>x/v *f^XS«t?1?fco-Ct,J: 
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3ii o 1 ture^/N'iuxL'— tfitii (f=«tx.ii, -pi. 
AJ-«> (f s) u— *f) ^fflt^-Sct-e, HSf^^'lb 

^ 1* S t >S < 3teSiitt*t« ^ ^Bf-r -S c 1 3&<-i? # 
too88]*fc, u— yftix^SSi o oicfcor. z 

lftl=»a!l*1** C 1 1:: J: y :7 :j— * XPSS -5 J: 5 1= 

[0089] u— i^'ttixss^i o o(ct>L>r. Bt 
MCLfcA^oTXttX^— v1 0 9&i; 

ic LfcAt o T^a-rS i: 3 ic L r 4, J; t>, 
[00 9 0] ?R1I5^-V'y^ 3 4rcESf^^':?x/\ 

^'!7i/\3 1 $^Bf-r-S<k-5lcLTtv-5j!)<, Cttlc®^ 
*t*Ci:>S:<, *0J±-— Kil-S 6lc<}:yiim*^'!7i/N 

:^3 y ^Kll^-Vy-:? 3 4lc«iS*-t±^J:3l=Lr=fcJ: 
t^. 3^*5. 3 4(cEafil^'!/i/\3 1 ^SR 

3 1 *«lRf -SZfcicJ: y, eiBr»«^?*ifcEaT/W 

[o o 9 1 ] ^fc, 1 2 1 LTa^mam<D4, 

'T^^D-f 57— 1 O 3*ffll>*ftt5yf=/\— 

— ^fflt'', CKO/N— :7 5^ — U— tfate^l O 1 hiOiT^ 
icu— »f3fe3gl o l-.<Dpy3t$W|-r-SJ;d'tf3t^* 

ps«?75fc«>©u— if3feLiz<fc y«ii»f*r**t«u4''> 

1 o 1 A^^,fiBSt^F4^*b— ifateLajflb*!*. •^^•y^Jg 
fiE<Dfc«)Wtil*.fc y 4,1SL^x:?.;u^— MICKS c <t)6<» 

[0 0 9 2] SB2«!0)a^*xt>*iigBfl)i«fS$jaTicift 

[0 0 9 3] :*:f|B^lc€l43feSi®1t«3^CO«Bi:^,^l*. 



y . *Sfi*<s«t>T« < , ^-i viz-e^^. ^ V e>-5^ 
* -5 ui*«3i^«® -po) ^ tf A<f§*f -swigtet a 

^r-f ^jE > K* ^1 ic J: S y-f i/ >^(=Jt LT. ^f-f 

> -j^in^ ^ < -r -5 A«-u # . 1 orosteaiattw^AN 

CtiC.©^*, :*:f6B^I=J:*itf. atoT#aB.oa 
[0 0 9 4] ^fc. :*:*P^lc^-53tiljHt«!^<D«JB»:^r_ 

too 9 5] ^fc. :*:^B^(c^^jtaiatt*tJ|^<7)^Bi:^ 
Xlc-CSia^tiSfcA. fit*<DlSfB0)J:3l=-S''-r-Vt> 

l=3t®SP0)J&J«A< U— *f 3(feC::<fc S*«»*0Xlcm3H* 

[0 0 9 6] *fc, 3tSiatt*r*4l:il*. «StOlHlKSPA< 

ai5f=j(i3te^A<fas-r-i.j: 3 finite ^ssn 

[0 0 9 7] *fc. aaSPJ^^XglZfetxT. jfeSifitt 
tf*4fcu— tf3t$^RS»t-r-5«^lc. IslSSSPlcU— <f3tA< 
RBJt^tiTfeLN^ST- U-^f i:A<»^ L 

l^o cw<»:5ic. ^&Sg|l)f$fi)cXlilcfc^^r. 

u— If it A^ ■& C i: A<-e ^ -So 

[0 0 9 8] ^fc. aSaPJB)*XglCtJL^T. »3l£jSi* 
U— tf 3t©3tia t !Sc^-r •& :^lRl I- ^16 ^F-fr -S - <!: ic J; 
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•c, *3fejs« u— <f3t©3lt«tSll-r-s:^^l^^=^«l^F■^i■ 
[00 9 9] :*:f|B^lc^*3!£Sjati*r!^<©^Br:;^iil*. 

IS * tifc -J? ^ -y -5? axaaic r 3ifeiiiatttr«*< WBf * *i -6 

A<pJ*6i:>tE*. C*t<t.a)IS«. :*:SIWIcJ;*i«. Stor 
#lgSoa«|c3t2att«»^ ^Br-r « C t *<-e # -Si 

[o 1 o 1 ] ^fc. *ftBjic0g>S3t2iatttt«<D^iST:^ 
[0 1 o 2] :*;fSB^i=«i)3tiSiat4«i^w^ef:^ 

^ sit ^ ^ISr-r -S C i A<BlggT* S . 
[pi 0 3] «)IJixeici3L^T. mm^ixtz^=^ 

^ ^ fiES -frS C i: ic J: y 3teSigtt«i^^ «ier-r -S C 

JlxtzO ^y<7 c tlz^i) 3taiatt*t*4^^ 



[0 10 4] ^BrX^ilCfcL^r. ffffSHttSffi 

tv 3tSiati««lciC*^ttix.S Cilery. ^=7^j^ 

■t±T3feSjatt«»^«iSf-r*ctic<fey. ^=j-j^<r>i^ 
[o 1 o 5] %%mz^^%mki&M^(r>'^m^m.\t-. 

—- If itS*^ f. aJtt 3? tvfc U— tfit $ , ^<0«3t ^*<3llc2 

[o 1 o 6] :)^m^\z^^%m.m\mi^<D'gm^m.x 

<DWaJI=i4S-r.5 J: 5 1= I — -tf 3I6*<.»3I£$ *t« d it?. 

*fc. ^f-1'-Vt>K*'v^fcJ:S4<'-f -»yicJi:L;T, 

(O 1 O 7]^fc, *:f|B^JC^S3fe2jait^r*4<D^B^g 
<0m»R6Jt(Dfc«)<DSJt3fe*7KA<^^<t:tfy, «»rXS 

[0 10 8] *fc. *aiB^|r«6S3tSigttttf4(O^BT^ 
a«cfct>ri*. i&»SlJA<U— *f*lcJ;.5|^Stt>ljDXIzr 

aJ6<U— y3lfelc<J:SlNgJttJ!nXlcr}em*#L-&fc«>. 3fe 

[o 1 0 9] 's^§kmizmi>%m.mwA^a>ms(mmt.^ 
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[O 1 1 o] :^§if!H\zmi,fftm&^^m<DmSiM-C 

e«>T#sa.osa«ii=3teaattfl-«*«Bfr*c:i: 

[0 1 1 1] *fc. ;$:fg|fllc«*3teSjatt«^<D^Bfi^ 
<Z)m8ii»ihcDfc4^(r)S7t***A<^^<t<fy. «IBrXS 
[O 1 1 2] *fc. **Wlc«S3fe2l®tt*t«!©^Br?£ 

to 1 1 3] *fc, m&w^mit. 3fe2ijai4«3fticf5*i^ 

fc«!><Dl«P^aj«$«-r*CtlcJ:y, ^IWjiPEfilltricJ: 



[oi 1 5] *fc. ft^m^ii, laKaiHcu— !fitA<Ba 

St **l«f t^ftS-C U— tf3fe**ft-r«C t A«»^ Ll''. 
t^ftJS^^^-^f3t^m3te■r^CtlcJ;y. U— tf3feA<lHl 

[O 1 1 6] ^it^^ U— tf3fcro3t*fii:3t^-r-S 

W <t 3^ M-r ^ ISI ic^iil * 1+ fc rf>(D»3t ^^Ift^S ^ 
Mlcii^*Cli:lr<fcy. '>^-;/->^^3t^0)^Stp:^|Rjlc 
jftoT jl!Bc6*llcj^j$-r -& C i: A<Pltig t y , ^K<0^Ir1 
S^ttA^J:y-IB!«a-hUr, WBfo^iasiw^ J:y— B 

[O 1 1 7] 

XS*^!fel(D*®lc?&ife-^f>«JBf^^^ -< 
A<iC*Ct^f<. »IX«Sl!|a£«IBi-r-SCi:A<-C# 
J:oT, lnxStSt!K!l*«JBf#--5Ci:l=J:yita!l**v 

^^m<r>^7r^mw> (D$s^y-v^^iit£$i^±$-^--&c: 

t@1 ] :*:*!S}^ffi(C^-S>U— 9'*DX::^afel=J:or^— 
^f ft] X * <0 ttlX j^^^O ^ ® El -c? -5 . 

[0 2] 01 IC^-^-JOXStt-!^® I 1 - I I laiCjttofc 

ftlX«<DftIX*t^!tel<D^Mia-C 
[04] 0 3 IC:5^-rilOXSt^^^fl) I V- I VjSICjftofc 

[0 5] 03l=*^JlDX»a!telO)V-V«(Cjftofc!ffDi 

[0 6] ^jujsjk^ico^su— y=jjDx:»^icj:or«jBi 
[0 7] ^mmm{zgk^iy—^mx:f5m\~nn^mn 

[08] :*:|IIfiJK^lc^* L — 1f*DX:&ii(0» 1 xe(c 
IS It •& tt]X»St!|aa>BTSB0 1? 1^ •& o 

[0 9] :»:IISfi)^®lc^*u-ifftix:»Jia)SS2X«lc 
t> It -s Jnxj* til^o) Sr® 0-e * , 

[01 o] ;*:|isg}^g|ic0l«u— ifftix:^j4<om3xa 
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[HI 2) :*:SSlifi^»lcfig«,L/— tfJox^aSICfcy^Br 

[014] *^JS}gsi(Dmi0<(::a^^)U— tfJ»lx:&^l- 
[015] :^mti&mm<Dm ^mlzmi^ jpx*g6$ 

[016] **JS}^^<Dm 1 Lx— »f iox:^,^ic 
<fe y«JBrnItg'J?/^^i — >^SlB«-r-5fc«>fl>ilDX?tgl!|a<D 

[017] U-1f3tS6<«Sftl~ii-r-53|s:g|Jfi}^ffi<Dmi 

[018] U-1f3t3gA<«SWc|i-r-5:*:l5t6}&ffi«mi 
ffll-filSifeOU— lf*0X*a^ittBfl-r««*H^a5-5. 
[019] :*:g|^6^^^(7)m2^|cfct^r. -^^i/Nv— h 

[02 o] *^lfiJgSI«)S2«icj3t^r. •:;x/\v'— h 

[02 1] :t:g|«5)^j£<om2«ll=^%«)Br^3g$giliq-t- 
[02 2] *3IJfiJ^S8<o»2«4ic«gi,^g?:&^icj:y u 
[0 2 3 ] :t:^i&]^fig«)% 2 «llc€g-&«Bf^£lc J: U U 



[02 4] 02 3|::;^-r3fe2laatt*t«fl)XX I V-XX 
[02 5] 02 3l=*-r3lfeSiatt*t«<OXXV-XX V 

[02 6] »3tjSa)^l(i3i)Si&jI< Ltr^t^lrfcitSE 

2 3|C^-r3tSiiait«i»a>XXV-XXV*^lCj0ofcBT 
M07fe^. 

[02 7] S3fe^<D^i!)Jia^^?P>ICii< Lfc«^lCj3 
ltS0 2 3 ICnif 3teS>atttr3ft«>X X V-X X V«llCjtt 
ofcBi®0-l?i5^. 

[02 8] :$:iiii{i)^®(Dm2«ii=€g-&«<iigT^^<Dmi X 

e^^r1-EB^^t7i/Nt|<DBiH0-i?&^, 

[02 9] :$immmm(D%2mizm^^myj'A<Dmzx. 
^ ^ ^^-r Ea«iFO I / N^<o Bi ffi 0 -c -& , 

[03 0] *3ia5JKffi©«2«!lCfig&«JBT*^<3!)m3X 
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